Standardized safety practices for investigational drugs in clinical research protocols are limited and the vast majority of research pharmacists have concerns regarding its safety. Identified areas for medication safety risks include protocol complexity, medication ordering, and the processes for packaging, storage, and dispensing investigational medications. Inclusion of a pharmacist creates multiple mechanisms to promote safety and improve the quality of clinical research. This is accomplished through collaborating in the development of a research protocol, reviewing as a member of an advisory committee, developing mechanisms that contribute to safety, and assuring compliance with local and national regulations and standards. Ultimately, the profession of pharmacy has foundational responsibility for assuring the safe and effective use of medications, including investigational drugs in clinical research. It is through multidisciplinary collaboration that a research study will attain the highest standards for safety and maximize the quality and effectiveness of the data obtained in the clinical trial. 
BACKGROUND
Safe practices for ordering, handling, dispensing, and administering investigational drugs have not been universally standardized and several areas of the medication-use process may pose safety risks during clinical research. Some of these risks are unique to clinical investigations and are less likely to be encountered when commercially-available products are used outside of the research setting. For example, toxicity risks to study subjects might not yet have been fully elucidated or drug interactions may not yet be entirely defined. Additionally, a variety of factors, such as protocol complexity and the need to maintain blinding in controlled studies may contribute to risks associated with product appearance, packaging, storage, ordering, and the dispensing process [1] [2] [3] .
Safety concerns among pharmacists dispensing investigational drugs are not new. In 1984, Young et al. de- scribed the results of a survey which showed that multiple areas of a research protocol were in need of improvement, including investigational drug information, drug accountability, and storage [4] . To further characterize safety concerns and practices related to investigational drugs, a national survey was conducted among pharmacists in investigational drug services (IDS †) within the Veterans Affairs Health System [5] . This study found that 81 percent of responders indicated some level of concern for safety risks. Several common concerns were related to the packaging of investigational drugs, such as lack of product differentiation, choice of font size/color, and absence of expiration dates and barcodes. Frequently, procedures were put in place for storage/security, temperature monitoring, and prescription labeling; however, some potentially beneficial practices were not common, such as repackaging of bulk medications into smaller units, and independent double checks by pharmacy staff at the point of dispensing. This study called for a standardized approach to defining and implementing safe practices for mitigating the inherent risks with investigational drugs [5] .
There are several recognized safety processes used to minimize dispensing errors for commercial medications; however, these mechanisms are not always appropriate for investigational drugs. For example, the need to blind study participants to treatment groups impacts product appearance and packaging. Commercial medications utilize strategies to reduce confirmation bias such as designing products with different shapes, sizes, and colors (e.g. different tablet colors for different strengths), and imprinted codes for identification. Packages may also vary in appearance and size, and may be available in unitof-use packaging, with tall man lettering to differentiate look-alike medication names (e.g. DOPamine vs DOBUTamine). In contrast, investigational drugs often lack distinguishing features because controlled studies may seek to conceal allocation to treatment arms; therefore, it may not be desirable to differentiate investigational products from one another. Table 1 compares investigational drugs safety risks with risk minimization strategies utilized for commercial medications.
Packaging of investigational drugs may also be problematic, particularly package sizes for both oral and injectable investigational drugs (Figure 1 ). Oral dosage forms may be provided by study sponsors in bulk containers, holding upwards of 10,000 tablets or capsules per container. This not only creates a challenge for storage, but also poses the risk of contaminating an entire drug supply if one blinded treatment allocation is erroneously mixed with the opposite blinded treatment allocation. On the other hand, injectable drugs may be packaged into vials smaller than that which is required for a single dose. This is often due to the need for dose titrations or dose ranging studies and may also pose safety risks. For example, if 20 vials are required to produce a dose for one subject, and only one or two vials are needed for another subject's dose, the pharmacist can be desensitized to using such a large number of vials in preparing a single dose and therefore, less inclined to identify a potential error in [6] . In addition, for medical centers within the Veterans Health Administration, a handbook defines storage requirements related to security and proper temperature conditions for investigational drugs. The handbook also requires policies and procedures to be created regarding the medication-use processes of prescription ordering and dispensing; however, it lacks details regarding specific safety practices to employ [7] .
For hospitals accredited by The Joint Commission, Medication Management standard MM.06.01.05 states that investigational drugs should be managed safely in the hospital setting. Written processes should be in place to address the review, approval, supervision, and monitoring of study drugs, and to accommodate for continuation of home therapy if a hospital is not a participating study site. In addition, it identifies the pharmacy as the responsible party for storage and distributive activities of investigational drugs [8] .
Despite these legal, regulatory, and accreditation requirements, there is a paucity of guidance characterizing practices that can be implemented to increase safety. In 1998, the American Society of Health-System Pharmacists published guidelines for clinical drug research [9] . This organization advises that the medication-use process for investigational drugs should mirror that of non-investigational drugs in terms of patient profile review, order verification, labeling, dispensing, etc. In addition, drugs should be labeled properly to ensure safe use, including expiration dates and lot numbers, and study sponsors are encouraged to leave space on the package labeling to permit additional labeling by pharmacists dispensing the drug.
Recently, the Hematology/Oncology Pharmacy Association issued its own guidance for best practices for oncology investigational drug services [10] . This is by far the most comprehensive and detailed statement to date regarding safe practices. It recommends incorporating several strategies such as use of computer software, barcoding, expiration date tracking, order templates, clinical decision support (including warnings related to dose limits and various types of interactions), and pharmacy Bottles contain black and white print lacking differentiating features such as unique color or font. Note use of "bottle number" or "container number" which identifies specific units to distribute to a particular study subject. Lengthy, sequential numbering may increase risk for selecting an incorrect bottle. B. Lack of differentiation in investigational drug naming may lead to confusion. Note active and placebo drugs are named almost identically: "aripiprazole tab 5 mg" and "aripiprazole tab plbo" C. Individual or multiple vials may be required to prepare a single dose of injectable medication. With such a variable volume range, a pharmacist may be less likely to detect an error in dosing compared to unit of use vials. D. Tablets and capsules of identical appearance for placebo-controlled studies may arrive in bulk containers. Large quantities not only require more storage space, but also lead to risk of contamination of the entire supply if product is introduced into the wrong container during dispensing.
such as contraindications, adverse drug reactions, and interactions [10] . If it is not possible for a pharmacist to be involved in the development of the research protocol, it is paramount that a pharmacist at each site prospectively reviews this information to determine if the institution can support and carry out the protocol [12] .
MEMBERSHIP ON RESEARCH COMMITTEES
The Scientific Review Committee (SRC) is responsible for providing peer review for the scientific merit, priority, and feasibility of a research study. A pharmacist should be included on the SRC to provide expertise in the area of medication use. Specifically, a pharmacist is well positioned to evaluate a trial's scientific merit and feasibility in the areas of drug supply management, applicability and requirements for an IND application, administration and dosing strategy, applicability of additional regulatory requirements (e.g. Risk Evaluation and Mitigation Strategy programs), medication safety strategies, and research support staff [10] . Review by a pharmacist is especially important for non-funded, smaller scale investigator-initiated trials that lack the clinical resources of better funded studies.
In addition to the SRC, the research protocol must be submitted to an IRB, which is tasked with reviewing and monitoring biomedical research involving human subjects with the purpose of safeguarding the patient's welfare. Although similar to reviewing a protocol for the SRC, a pharmacist on the IRB will be able to review the appropriateness of drug information, accuracy and completeness of the informed consent describing the pharmacological effects and anticipated risks and benefits, and the process for reporting adverse reactions [2, 3] . Pharmacist members of the IRB also have the opportunity to serve as a liaison between the committee and the IDS [10] .
CLINICAL DECISION SUPPORT SYSTEMS
Pharmacists may contribute an expert perspective and lead efforts in integrating information technology into the medication-use process for investigational drugs. The prescribing phase of the medication use-process is consistently identified as the greatest contributor to medication errors [13] [14] [15] [16] . Errors with prescribing medicines have been shown to occur in up to 39.1 percent of medication orders for hospitalized patients [17] . Furthermore, harm due to these prescribing errors has been reported to occur in approximately 1 percent of admitted patients [13] . For patients cared for in the ambulatory setting, medication errors have been reported to occur in 7.6 percent of prescriptions accounting for 11 percent of adverse independent double checks at the point of dispensing, in addition to many of the legal and accreditation requirements already mentioned. Furthermore, it specifically recommends storing drugs separated by protocol and strength to reduce the risk for incorrect product selection during the dispensing process [10] .
Currently, there is a paucity of published literature evaluating specific processes to ensure safe and accurate use of investigational drugs and the role of the pharmacist in this setting. Therefore, the purpose of this paper is to identify opportunities for the pharmacist to support the medication-use process for investigational drugs and to offer suggestions for reducing the risk for errors and improving patient safety as part of the multidisciplinary research team.
COLLABORATIVE DEVELOPMENT OF A RESEARCH PROTOCOL
Clinical research protocols continue to increase in complexity and often require the perspective of specialists in the development process [10] . This is particularly true for investigational drug studies which are governed by multiple regulatory bodies. Because medical researchers may lack training or experience in the management of investigational drugs, including anticipating challenges related to packaging, storage, dispensing, documentation, and medication safety, there is an opportunity for researchers to collaborate with a multi-disciplinary group of practitioners, including pharmacists, to optimize practices. Ultimately, the profession of pharmacy is based on the foundational responsibility for assuring the safe and effective use of medications. This includes the safe and effective use of investigational drugs in clinical research [11] .
When developing a protocol, the pharmacist has an opportunity to contribute specifically to the portions of the protocol related to drug information and medication management. This may include reviewing or writing sections specific to the management of the investigational drug such as the drug information section of the research protocol, reviewing the informed consent form for appropriate language regarding benefits and risks, as well as developing supporting documents such as drug information supplements, patient diaries or other adherence processes [10] . An accurate and complete drug information section is critical to ensure that the investigational drug will be prepared, dispensed, and administered appropriately and in a way that complies with federal and state regulations, as well as institutional policies and practices. Thus, it is important that the drug information section is comprehensive and includes the source/supplier of the products, preparation, stability, compatibility, dispensing, administration, storage, accountability, and safety considerations
DEVELOPMENT OF ORDER SETS/TEM-PLATES FOR PROVIDERS
The use of order sets to guide prescribing have been shown to result in improved adherence to pre-specified protocols [26] . The Institute for Safe Medication Practices, an organization focused on advancing patient safety through the reduction of medication errors, has been a leading advocate for standardized order sets [27] [28] [29] . Standardized order sets can minimize incorrect or incomplete prescribing, ensure compliance with protocol-specific dosing regimens, improve compliance with recommended processes of care, and ensure clarity when communicating orders [10, 26] . The guiding principle of order sets is that they reduce the reliance on individual prescribers' memory. As such, this tool is well-suited to aid in prescribing investigational drugs and is considered a best practice. Specifically, there are multiple components that should be included in an order set [10] . Table  2 presents order set best practices for an investigational drug protocol.
A critical step in implementing evidence-based order sets is establishing procedures for an independent review prior to the activation of the order set, preferably completed by the principal investigator. This also holds true for updates as a result of protocol amendments. Additionally, it is equally important to have a process in place to retire order sets that are no longer utilized. As investigational studies close, deactivating associated order sets can eliminate inappropriate selection of incorrect study protocols by prescribers.
Pharmacists are uniquely positioned to provide valuable input on the development of order sets. With regards to prescribing, pharmacists are familiar with reviewing and verifying medication orders for completeness, accuracy, appropriateness, and compliance with legal, regulatory, and accreditation standards. This familiarity is addrug events [18, 19] . Use of computerized provider order entry (CPOE) systems have become a mainstay within health care, with the aim of contributing to safer use of medications [20] . Often, CPOE systems incorporate clinical decision support (CDS), knowledge-based tools that integrate into clinician workflow to aid to clinical decision-making by providing patient-specific assessments or recommendations [21] [22] [23] . To date, there are no publications evaluating the effects of CPOE with or without CDS on the safety of prescribing investigational drugs. Despite this paucity of data, principles guiding the use of these systems can be applied to investigational drug use.
A review of CPOE systems and patient safety highlights several attributes common to CPOE systems that help facilitate safe medication prescribing practices [24] . Table 2 lists these attributes to establish how CPOE systems can make a positive impact on the prescribing of investigational drugs [25] . Specifically, medication order clarity is improved dramatically when the use of standard names, inventory catalogues, and data dictionaries are utilized within CPOE systems. While not required, development and use of standardized naming conventions can help reduce the likelihood of incorrect product selection. This is particularly advantageous for investigational drug studies where complex protocol names, alpha-numeric naming systems, and protocols using commercial medications may contribute to confusion during the ordering phase. Additionally, limiting access for ordering investigational drugs to only those prescribers authorized under the study protocol is a feature common to many CPOE systems. It is important to note that when additional software systems are used to facilitate operational workflow and regulatory compliance (e.g. Vestigo ® ), integration with the CPOE system is critical. These concerns should be reviewed with the principal investigator to highlight error prone elements of the study protocol and develop countermeasures to reduce the likelihood of error. Once initiated, additional safety concerns or errors that occur within the study protocol should be reported. Reporting safety concerns and errors should encourage the sponsor to make methodological adjustments in the protocol development and design process to avoid similar safety risks on future studies.
Of particular relevance to the IDS pharmacist is the management of study drug supply. This includes procurement, inventory, storage, and maintenance of blinding. The IDS is accountable for each dose of investigational drug it receives, dispenses, disposes, transfers, or returns [9, 10] . This is usually accomplished through the use of drug accountability record forms. These forms must meet specific requirements as outlined by the FDA, and each drug in the study must have its own accountability form [6] . The IDS pharmacist also ensures that the study drug is stored appropriately. Due to safety and accountability concerns, investigational drugs should be stored in a secure area that is separated from non-investigational drug supply [9, 10] . Access to this area should be restricted to only research personnel. Investigational drugs should also be separated by protocol, as several active studies may utilize the same drug [10] . Due to potential labeling concerns with sponsor-provided packaging, IDS pharmacists should find ways to highlight different strengths of drugs within the same protocol to reduce the risk of dispensing the wrong strength to study subjects [2, 31] . This may include practices such as adding auxiliary labeling to bottles or differentiating using baskets or dividers. The IDS should also provide constant temperature monitoring of investigational drug storage conditions, with a specific action plan for handling temperature excursions [10] . If an excursion occurs, the protocol typically requires the pharmacist to quarantine the drug and alert the study sponsor. The sponsor can then provide guidance on whether further use of the investigational drug is appropriate.
The IDS pharmacist should also create dispensing instructions for each individual protocol [32] . These instructions can be used to assist involved personnel who may be unfamiliar with the protocol and will promote consistent practices throughout the study. When dispensing the investigational drug, site-specific labeling should be included such as information about the patient, the pharmacy, and the investigational drug. State and federal regulations can vary on what must be included on this label, and the IDS pharmacist can ensure that these requirements are met [10] . All investigational drugs must contain the statement: "Caution: New drug-Limited by federal or United States law to investigational use" [6] . After filling the prescription, a clear chain of custody should be established for the investigational drug until it vantageous when developing order sets as these criteria can all be evaluated in advance of its use. As medication experts, pharmacists will often consider treatments that are necessary but are frequently overlooked as part of the primary order set indication (e.g. rescue agents, as needed adjunctive medications, etc.). Pharmacists are also familiar with medication preparation and dispensing operations and can best configure medication admixtures within order sets to facilitate efficient drug delivery. Furthermore, pharmacists may offer insight into required or essential monitoring that should accompany medication orders such as laboratory tests, imaging studies, or monitoring parameters [30] .
CREATION OF TARGETED ALERTS
CPOE systems utilizing CDS are able to integrate rule-based decision support and targeted alerts and reminders for the benefit of providers during the prescribing phase. Rule-based decision support can assist in selecting the correct therapy for the indication and calculating the correct dose based on the medication's prescribing information. Alerts can take many forms including interaction alerts (e.g. drug-drug, drug-allergy), dose limit alerts, drug-disease state consideration alerts (e.g. labs monitoring, pregnancy status); however, all intend to reduce the potential for medication-related harms. Alerts combined with order sets contribute to the greatest likelihood for reduction in prescribing-based medication errors [24] . Additionally, CDS for investigational drugs should also include alerts confirming patient registration into a study protocol. Thus, in the case of a mismatch, an alert notifies the prescriber that the patient is not enrolled in the study associated with the investigational drug he or she is attempting to prescribe.
INVESTIGATIONAL DRUG SERVICE BEST PRACTICES
There are several ways in which IDS pharmacists can standardize practice to promote safety. One of these is the development of well-defined standard operating procedures for the various tasks involved in the management of investigational drugs. The creation of standard operating procedures helps to ensure consistency of practice, and this is particularly important for investigational drug inventory control, dispensing procedures, shortages, unblinding procedures, and management of patients during hospital admissions. These should be regularly reviewed to ensure that processes are carried out as described and no further revisions are needed [10] .
For any new protocols under consideration, pharmacists should conduct a proactive risk assessment to identify safety concerns that may result in medication errors. toxicity and management of drug interactions may also be included, if known.
DISCUSSION
The use of medications to improve quality of life and manage diseases is continuing to increase as more effective and safer options are identified and developed through clinical research studies. The integrity of this research, as well as the safety of human subjects, is a vital responsibility of all health professionals involved [9] . Additionally, clinical trials continue to increase in complexity and often require the specialized support of an IDS for services such as blinding and drug preparation. Thus, pharmacists have become an essential partner in supporting clinical research studies in a variety of practice settings, specializing in all aspects of the medication-use process for investigational drugs.
The IDS pharmacist can perform a number of specific roles to assist in the successful implementation of an investigational drug study. These may include logistical duties such as procurement and provision of investigational drugs to subjects or investigators. Pharmacists may also have direct involvement in the development of a research protocol, review as a member of the SRC or IRB, or more informally as a consultant to provide recommendations on the ability of the institution to implement the requirements of the study protocol. The pharmacist also has a responsibility to facilitate regulatory compliance with all local, state, and federal requirements and to ensure the ethical conduct of clinical research studies [12] . This includes compliance with the FDA's Code of Federal Regulations, The Joint Commission's Medication Management standards for investigational drugs, and the American Society of Health-System Pharmacists' Guidelines on Clinical Drug Research [6, 8, 9] . The IDS pharmacist is also responsible for providing operational and clinical guidance and oversight for investigational drugs.
Beyond the benefit of pharmacist involvement with consultative and logistical support of the study, the pharmacist can also have a dramatic impact on the risk management of research studies, which can result in improved medication safety for study subjects and decreased liability for the investigators. As a trained clinician with experience and expertise in the medication-use process, the pharmacist is able to identify areas of potential safety risks such as inappropriate labeling, storage, or dispensation requirements and can proactively create mechanisms to mitigate risks. The pharmacist is also able to critically evaluate the protocol to determine if there are opportunities for more efficient or effective processes for preparing and dispensing investigational drugs, as well as contribute to developing safeguards for prescribing investigational drugs through development of order sets/templates is delivered to the subject.
The IDS pharmacist also has the resources to support study audits and site visits. Different organizations may review a study, including the sponsor, the institution in which the study is being carried out (e.g. a Research Office or oversight department), The Joint Commission, and the FDA. Audits or site visits may occur at different stages of a protocol, such as before initiation, during the active phase, or after completion. The IDS pharmacist can provide auditors with policies, procedures, and study documentation and can support inspections of areas where investigational drugs are received, stored, and dispensed [10] . Maintaining a well-organized IDS pharmacy can make audits easier and more successful for the study group. IDS pharmacies have also demonstrated proficiency in serving as an investigational drug coordinating center for multi-center studies [33] .
EDUCATION TO THE MEDICAL TEAM
Aside from their role in the dispensing process, pharmacists receive extensive training and are considered experts in different aspects of pharmacotherapy. As such, pharmacists are optimal resources for providing drug information. This is particularly important in the setting of investigational drugs, where traditional information resources may not be available. Investigational drugs are often not included in monograph resources (e.g. Lexicomp, Micromedex), nor is FDA-approved prescribing information available during the initial phases of clinical trials. The IDS pharmacist plays a large role in ensuring that all parties involved in the dispensing, administration, and other ancillary roles in the investigational process are provided with education on the medication-use process of the investigational drug.
One way that IDS pharmacists provide this education is through the creation of a local drug information data sheet outlining the important aspects of the drug and its appropriate use. This document contains a wide variety of information that can be helpful in different practice settings within the research site. Having an IDS pharmacist compile this information into one central, concise document saves time and effort when the information is needed. A comprehensive document should begin with the drug's name, any synonyms and abbreviations, and basic information on pharmacology [9] . This involves the mechanism of action and pharmacokinetic parameters. This information can be particularly useful when determining whether adverse effects experienced during the study could be related to the investigational drug. In addition, it should include dosing ranges, schedules, contraindications, monitoring parameters, and information on preparation and administration that can be utilized by providers and nursing staff [9] . Additional information on and CDS alerts within CPOE.
Ultimately, inclusion and participation of the pharmacist in the design, review, and implementation of an investigational drug study should be limited only by availability and access. In addition, the pharmacist may require funding in order to be actively involved in or support a specific protocol. Although this may require additional financial resources, the potential contribution of expertise, adherence to regulations and policies, improved efficiency, and reduced liability easily justify the pharmacist as a member of the team. Thus, this multi-disciplinary approach has the potential to enhance almost all aspects of the investigational drug clinical research study.
CONCLUSIONS
The inclusion of a pharmacist into the development and implementation of a clinical research study involving investigational drugs is essential for maintaining the highest standards for medication safety practices and ultimately, the quality, efficacy, and safety of the results of the study. The pharmacist has the potential to serve as a consultant during protocol development or review, support the implementation of the protocol at an institution, and provide continuous compliance or audit support. Ultimately, the pharmacist's background and training in the safe and effective use of medications naturally translates into the clinical research environment and allows investigators to more confidently and competently conduct clinical studies.
